Results: Worsening of cartilage defects in any compartment occurred in 40 (51%) participants. Specifically, worsening in the patellofemoral and medial and lateral tibiofemoral compartments was present in 34 (44%), 8 (10%), and 10 (13%) participants, respectively. Worsening patellofemoral and medial and lateral tibiofemoral BMLs (14 [18%] , 5 [6%], and 10 [13%], respectively) and osteophytes (7 [9%] , 8 [10%], and 6 [8%], respectively) were less prevalent, while 17 (22%) displayed deteriorating meniscal lesions. Worsening of at least 1 MRI-detected OA feature, in either the patellofemoral or tibiofemoral compartment, occurred in 53 (68%) participants. Radiographic OA in any compartment was evident in 5 (6%) and 16 (21%) participants at 1 and 5 years, respectively. A high BMI (.25 kg/m 2 ) was consistently associated with elevated odds (between 2-and 5-fold) of worsening patellofemoral and tibiofemoral OA features.
Conclusion:
High rates of degenerative changes occur in the first 5 years after ACLR, particularly the development and progression of patellofemoral cartilage defects. Older patients with a higher BMI may be at particular risk and should be educated about this risk.
Keywords: knee; anterior cruciate ligament; osteoarthritis; cartilage Anterior cruciate ligament (ACL) reconstruction (ACLR) is often performed with the intention to improve the stability of a mechanically unstable ACL-deficient knee, facilitate a return to competitive sports, and reduce the risk of subsequent meniscal or cartilage damage. 8, 31, 50 While typically restoring mechanical stability, ACLR does not protect against the long-term development of knee osteoarthritis (OA). 21, 32 Radiographic knee OA is evident in as many as 50% to 90% of patients 10 to 15 years after an ACL injury, regardless of treatment, and often with an onset during early adulthood. 32 With rates of ACL injuries continuing to rise, 47 secondary prevention strategies to delay or halt OA onset after an injury are vital. 43 Unlike established radiographic OA, the trajectory of early pre radiographic stages of disease, such as posttraumatic changes to cartilage and bone marrow, has the capacity to be modified. 40, 44 This is particularly pertinent for posttraumatic OA, which is often evident 15 years earlier than primary OA, 32 resulting in substantial and prolonged effects on quality of life 19 and the risk of early knee arthroplasty. 7 Magnetic resonance imaging (MRI) can be used to identify and monitor early structural changes to all joint tissues. While radiography can detect osteophytes, joint space narrowing, subchondral sclerosis, and cysts, MRI is more sensitive to changes in early OA features such as cartilage, particularly during shorter follow-up periods. 2, 25, 27 Longitudinal changes to MRI-detected OA features have focused on cartilage degeneration within the acute recovery phase after ACLR (ie, first 1-2 years), 52, 54 mostly assessed and observed in the tibiofemoral compartment. In the patellofemoral joint, the trochlea is at greatest risk of early degeneration within the first 2 years after an ACL injury, 10, 20 which may contribute to high rates of longer-term radiographic patellofemoral OA. 11 Identifying patients with progressive early OA features after natural biological graft healing and functional rehabilitation (.2 years after injury), but before established joint disease, may present opportunities to develop secondary prevention strategies.
Therefore, the primary aims of this study were to (1) describe longitudinal changes to early OA features on MRI from 1 to 5 years after ACLR and (2) determine the association between participant characteristics (age, sex, body mass index [BMI] , time from injury to surgery, meniscectomy/cartilage defects at the time of ACLR, anteroposterior knee laxity) and changes in MRI findings. Second, we evaluated longitudinal changes in radiographic OA between 1 and 5 years in both knees.
METHODS

Participants
All 111 consecutively recruited patients (median age at the time of surgery, 26 years [range, 18-50 years] ) who participated in our previously reported MRI evaluation at 1 year after ACLR 10 (ie, baseline for the current study) were eligible for the current study. Baseline inclusion and exclusion criteria, ACLR technique, and postoperative rehabilitation are described in a previous publication. 10 Briefly, baseline inclusion criteria included primary single-bundle hamstring autograft ACLR by 1 of 2 orthopaedic surgeons (T.W., H.M.) in Melbourne, Australia. Baseline exclusion criteria included knee injuries/symptoms/surgery before the ACL injury, .5 years between the ACL injury and ACLR, and any secondary injury/surgery to the ACLR knee (between surgery and 1-year assessment). A secondary injury was defined as a new index or contralateral knee injury (ACL, meniscus, collateral ligament), surgery, or intra-articular knee injection. Patients with a secondary injury between 1 and 5 years were invited to participate at 5 years after ACLR follow-up, as this is a common occurrence and representative of the wider ACLR population. Of the 111 participants with baseline MRI data, 78 (70%) ( 
Demographic, Injury, and Surgical Factors
Participant age, sex, ACL injury history (date of ACL injury, time from injury to surgery), and previous activity level were obtained at the baseline assessment. Activity level was defined as level 1 (pivoting/jumping sports) to level 4 (sedentary). 22 Participant BMI was calculated at baseline and follow-up. Information on meniscectomy and significant cartilage defects assessed at the time of surgery were obtained from surgical records at baseline, and these were termed ''combined injuries.'' Arthroscopically identified cartilage defects were defined as significant when the Outerbridge grade was 2 (ie, at least partial-thickness defect). 36 Anteroposterior laxity at baseline was assessed using the KT-1000 arthrometer (MEDmetric) at 30°of flexion with a 30-lb load. 13 Participants were questioned about new injuries or surgery between baseline and follow-up. Participants with new index or contralateral knee injuries/surgery were included, as this is a common occurrence and representative of the wider ACLR population. Tibiofemoral and patellofemoral radiographic OA in the ACLR and contralateral knees was determined at baseline and follow-up using previously published protocols 10 and Osteoarthritis Research Society International atlas definitions 1 (see the Appendix, available in the online version of this article). Bilateral posteroanterior and lateral weightbearing and nonweightbearing skyline views were taken. Radiographic OA was defined as (1) joint # space narrowing of grade 2, (2) sum of osteophytes 2, or (3) grade 1 osteophyte in combination with grade 1 joint space narrowing. 1 
MRI Acquisition and Interpretation
All participants underwent unilateral knee MRI at baseline using a single 3.0-T system (Achieva; Philips), as previously described. 10 The same MRI scanner was used to acquire follow-up scans of the ACLR knee, with identical sequences to those obtained at baseline. The sequences consisted of 3-dimensional proton density-weighted volume isotropic turbo spin echo acquisition (VISTA) at 0.35 mm, short tau inversion recovery (STIR), and axial proton density-weighted turbo spin echo. All MRI scans were evaluated using the MRI Osteoarthritis Knee Score (MOAKS) by a single musculoskeletal radiologist (A.G.) with 14 years of experience and established interrater and intrarater reliability (kappa, 0.61-0.80) by a semiquantitative MRI assessment. 26 The radiologist evaluated the baseline and follow-up scans paired (not blinded to the time points of MRI) but blind to clinical/radiographic information. The MOAKS divides the knee into 14 articular subregions to score cartilage defects (assessed using the VISTA sequence) and bone marrow lesions (BMLs) (assessed using STIR and fluid-sensitive turbo spin echo sequences) and 6 tibiofemoral and 6 patellofemoral subregions to score osteophytes. 26 Meniscal lesions were scored separately for the medial meniscus and lateral meniscus and divided into anterior, posterior, and central subregions for each meniscus. Cartilage defects were graded from 0 to 3 based on size (percentage of the surface area relative to each subregion) and depth (percentage of the lesion that is full thickness). Size was graded as the following: 0 = none; 1 = \33%; 2 = 33%-66%; and 3 = .66%. Depth was graded as the following: 0 = no full-thickness loss; 1 = \10%; 2 = 10%-75%; and 3 = .75%. BMLs were based on size only (percentage of the surface area affected relative to each subregion): 0 = none; 1 = \33%; 2 = 33%-66%; and 3 = .66%. Osteophytes were graded according to size based on how far they extended from the joint: 0 = none; 1 = small; 2 = medium; and 3 = large. Given that the definition of a definite osteophyte has not been delineated, 26 we considered an osteophyte present if it was scored 2. Meniscal tears were described as absent or present and by type (vertical, horizontal, or complex). Meniscal maceration was described as absent or present and by type (partial, complete, or progressive). Meniscal extrusion was described by size: 0 = \2 mm; 1 = 2-2.9 mm; 2 = 3-4.9 mm; and 3 = 5 mm. Hoffa fat pad synovitis was graded as 0 (none), 1 (mild), 2 (moderate), or 3 (severe). More information on the MRI sequences used and the MOAKS scoring system appears in the Appendix.
Definition of Worsening OA Features
Subregions were combined to define 3 compartments: patellofemoral (patella and trochlea), medial tibiofemoral (medial femur: central and posterior; medial tibia: anterior, central, and posterior), and lateral tibiofemoral (lateral femur: central and posterior; lateral tibia: anterior, central, and posterior). Worsening of OA features in each compartment was defined as any increase in the score (in any corresponding subregions for that compartment). Therefore, either progression of an OA feature (ie, increase in defect severity) or a new OA feature (ie, from no defect to present defect) from baseline to follow-up was classified as worsening. This definition is reliable and sensitive to changes in ACL-injured patients and other populations at high risk for OA. 45, 54 Increase in defect severity was defined as an increase in the size or depth of the lesion of at least 1 point on the MOAKS. New lesions were defined as those with size 0 at baseline and size 1 at follow-up (osteophytes needed to be 2 at follow-up, as the definition of an osteophyte has not been delineated). 26 
Statistical Analyses
Descriptive statistics were used to define worsening of MRIdetected OA features for each compartment and radiographic OA. Both the medial and lateral patellar and trochlear subregions were included in analyses for patellofemoral compartment outcomes (4 observations per knee). The medial and lateral tibiofemoral compartments had 5 observations per knee (femur: central and posterior; tibia: anterior, central, and posterior). Logistic regression models with generalized estimating equations (GEEs) (to account for correlations between subregions within the same compartment) were used to determine if participant characteristics (age, sex, BMI at baseline, time from injury to surgery, meniscectomy and cartilage defects at the time of ACLR, reinjury, and anteroposterior knee laxity) were associated with worsening OA features. Age and time from injury to ACLR were dichotomized at their median values, while BMI was dichotomized based on the established overweight cutoff of 25 kg/m 2 (median at baseline, 25.3 kg/m 2 ), so that odds ratios (ORs) and 95% CIs could be estimated and descriptively compared with the nominal variable of concomitant injuries. Univariate regression analysis was performed initially; participant characteristics with a P value \.20 were entered into a multivariate logistic regression GEE model to calculate ORs and 95% CIs. The McNemar test was used to determine any significant change in repeated-measures nominal data (ie, worsening radiographic OA from baseline to follow-up). Stata v 14.2 (StataCorp) was used for statistical analyses. P values \.05 were considered statistically significant.
RESULTS
Participants
Characteristics of the 78 participants included in the current study are presented in Table 1 . Apart from medial meniscal lesions, which were more prevalent in the participating group at baseline, there were no demographic, surgical, or baseline MRI-related differences between those who did and did not participate in the follow-up assessment at 5 years (P . .05) ( Tables 1 and 2 ). Thirty-eight of the 78 participants (49%) had a combined injury (arthroscopic meniscectomy/cartilage defect at the time of index surgery), and 12 (15%) participants reported a new index knee injury/surgery between baseline and follow-up (revision ACLR: n = 3; partial meniscectomy: n = 6; intra-articular injection: n = 1; collateral ligament injury: n = 2). Six participants had a new contralateral knee injury (ACLR: n = 3; meniscectomy: n = 1; collateral ligament injury: n = 1; investigative arthroscopic surgery: n = 1).
Cartilage Defects
Worsening of cartilage defects in any compartment occurred in 40 (51%) participants, with worsening most commonly occurring in the patellofemoral compartment 
Bone Marrow Lesions
Although the frequency of any BMLs remained the same (47%) from baseline to follow-up (Table 2) Reasons for exclusion: pregnant (n = 1), unable to contact (n = 10), unable to attend because of distance/time (n = 17; interstate: n = 5, overseas: n = 4), ruled out by participating surgeon because of conflict with participation in other study (n = 4), and incorrect limb scanned (n = 1). 
Meniscal Lesions
The prevalence of medial and lateral meniscal lesions only increased by 1% and 3%, respectively, from baseline to follow-up (Table 2 ). However, worsening of meniscal lesions (increase in size) occurred in the medial or lateral compartment in 17 (22%) participants, with 14 (18%) and 4 (5%) occurring in the medial and lateral compartments, respectively ( Figure 1 ).
Radiographic OA
The prevalence of radiographic OA increased significantly from baseline to follow-up in the patellofemoral compartment in the ACLR knee (n = 4 [5%] to n = 14 [18%]; P \ .05) but not in the contralateral knee (n = 2 [3%] to n = 4 [5%]; P . .05). Smaller and nonsignificant increases were seen in the ACLR and contralateral medial and lateral tibiofemoral compartments ( The MRI OA Knee Score (MOAKS) was used to grade each feature.
26
d Given that the definition of a definite osteophyte has not been delineated, we considered an osteophyte to be present if it was graded 2. the small number of reinjuries in the index knee (n = 12), a sensitivity analysis excluding participants with a reinjury was performed. This sensitivity analysis resulted in similar effect sizes (but wider 95% CIs), suggesting that the effect of reinjuries on worsening MRI features in this study was minimal. A combined injury (meniscectomy/cartilage defect at the time of ACLR) was not significantly associated with increased odds of worsening MRI-detected OA features in the regression analysis (Tables 3 and 4) . However, the relatively small number of patients with worsening of some OA features detrimentally affected the stability of the regression analysis. Therefore, we performed a second sensitivity analysis, comparing the rate of worsening MRI-detected OA features between those with a combined injury (n = 38) and isolated injury (n = 40). The rates of any MRI-detected OA feature worsening were significantly greater in those with a combined injury than in those with an isolated injury (31/38 vs 22/40, respectively; chi-square, P = .012). In addition, to determine the effect of pre-existing OA, we performed a third sensitivity analysis by excluding patients with radiographic OA (as described in Table 1 ) at 1 year after ACLR (n = 5). Additional analyses comparing the worsening rates in the patients with (n = 5) and without radiographic OA (n = 73) at 1 year revealed similar (and nonsignificantly different) rates of MRI-detected OA feature worsening, except for tibiofemoral osteophytes (2/5 vs 7/73, respectively; chi-square, P = .112).
DISCUSSION
Worsening early OA features were evident in more than two-thirds of young patients over a 4-year period: 1 to 5 Stable lesions = participants with no worsening (i.e., no new or progressive features, or BML improvement) *New = participants with no lesion at baseline (ie, MRI Osteoarthritis Knee Score [MOAKS] size score = 0), with score of 1 at follow-up for cartilage defects, bone marrow lesions (BMLs) and meniscal lesions (2 for osteophytes). Progressive = participants with a lesion at baseline (ie, MOAKS size score 1), with an increase in severity of lesion (ie, at least a 1-point increase in size or depth of lesion). Worsening = participants with either progressive or new feature. Improving = participants with a BML at baseline (ie, MOAKS score 1), with a decrease in severity of BML (ie, at least a 1-point decrease in size of BML).
years after ACLR. Despite cartilage defects being most prevalent in the patellofemoral compartment 1 year after ACLR, the patellofemoral compartment displayed the most frequent cartilage deterioration (evident in half of the cohort). The results of this study suggest that joint features are not stable, even after surgical restoration of mechanical stability and a 12-month recovery period. Being overweight (BMI .25 kg/m 2 ) was a particularly strong determinant of deteriorating knee joint status. These worsening early OA features on MRI may reflect a progressive disease pathway that identifies those likely to suffer future radiographic OA and symptoms.
The considerable progression of existing cartilage defects (n = 24 [31%]) and the development of new defects (n = 33 [42%]), up to 5 years postoperatively, extends previous reports of worsening cartilage damage on semiquantitative scoring during the first 2 years after an ACL injury. 54 Although 80% of participants in the current study had a cartilage defect 1 year after ACLR, worsening cartilage damage occurred in half of the participants over the proceeding 4 years, reflecting the rapid nature of posttraumatic OA. The rate of cartilage degeneration observed after ACLR (ie, approximately 13% per annum in the current study) is similar to patients with or at risk of established (ie, radiographic) OA (9%-17%) 2, 45 and far exceeds rates observed in uninjured older healthy knees (2% per annum). 23, 37 These results highlight a potential posttraumatic early OA phenotype, demonstrating the accelerated progression of pathologic joint features in young adults, compared with primary OA. 17 Because early cartilage changes offer a promising window to disrupt the disease trajectory, 40 these patients should be identified and the development of potential disease-modifying therapies, such as those that have shown initial promise, 3, 44 prioritized. The patellofemoral joint was the knee compartment in which worsening OA features were most frequent. Although the patellofemoral joint is rarely investigated after ACLR, 11 our findings add to the growing body of evidence pointing to high rates of patellofemoral degeneration. The patellofemoral compartment may be at particular risk for worsening cartilage defects and BMLs in an altered chemical environment after ACLR 24 because of pre-existing or altered patellofemoral biomechanics 12, 33, 51, 60 and/or quadriceps muscle dysfunction. 59 Our MRI data are consistent with quantitative MRI measures 20 and second-look arthroscopic studies, 55 which demonstrate rapid patellofemoral cartilage loss during the first 2 years after ACLR. We also observed greater development of radiographic patellofemoral OA than tibiofemoral OA during the 4-year observation period, more so in the ACLR knee than the contralateral knee. However, one other prospective study 54 did not report higher rates of early degeneration in the patellofemoral compartment compared with the tibiofemoral compartment. Semiquantitative MRIidentified patellofemoral cartilage worsening was reported in only 3% of knees (compared with 34% tibiofemoral cartilage worsening) over the first 2 years after an ACL injury, with this lower rate potentially reflecting a lower BMI and fewer patellofemoral abnormalities at baseline. 54 Nevertheless, our findings suggest that considering and managing patellofemoral joint health after ACLR are critical.
Worsening of BMLs occurred in 29% of participants, providing insight into longer-term (.2 years) posttraumatic Values are shown as odds ratios (95% CI). Univariate regression analysis was performed initially; participant characteristics with a P value \.20 were entered into a multivariate logistic regression generalized estimating equation model to calculate odds ratios and 95% CIs. An odds ratio .1 represents greater odds of the MRI-detected OA feature in the presence of the demographic/surgical factor. Bold values indicate a significant association (P \ .05). ACLR, anterior cruciate ligament reconstruction; MRI, magnetic resonance imaging; NA, not available (ie, unable to perform analysis as all participants with a worsening patellofemoral osteophyte had a high body mass index); OA, osteoarthritis. BML behavior not previously reported. 39 As our baseline was 1 year after ACLR, the majority of acute traumarelated BMLs should have resolved. Therefore, the BMLs observed may be more degenerative in nature, which was confirmed by the characteristics of the BMLs in the current study (more circumscribed, located directly subchondral, and with associated cartilage defects). 42 Conversely, many BMLs in our cohort were stable (40%) or improved (40%), indicating that not all BMLs persisting at 1 year after ACLR are degenerative in nature and that resolution may require more than 1 year. In contrast to BMLs, osteophytes are more permanent and typically represent later stages of disease. This is reflected in the lower rates of worsening observed compared with other features, which is consistent with previous reports of osteophytes within the first 5 years after ACLR (8% patellofemoral and 9% tibiofemoral worsening within the immediate 2 years after the ACL injury). 54 Importantly, we only considered incident osteophytes as those grade 2, which likely contributed to our observation of no new osteophytes over 4 years. While small osteophyte development may reflect pathological bone shape changes, and increase the risk of incident radiographic OA, 35 the clinical significance of small osteophyte development requires further evaluation.
Apart from worsening meniscal lesions, which were more common in the medial (18%) than the lateral (5%) tibiofemoral compartment, worsening OA features were observed similarly in the medial and lateral tibiofemoral joint. These observations are consistent with posttraumatic radiographic OA having similar medial and lateral tibiofemoral distribution and contrast primary OA, which is typically a disease of the medial tibiofemoral joint. 49 This is the first study, to our knowledge, to investigate longitudinal semiquantitative meniscal changes after ACLR. Despite the notion that surgical reconstruction can protect worsening meniscal abnormalities, 4 ,31 1 in 5 demonstrated meniscal lesion worsening in the current study. Although the presence of meniscal lesions is common in noninjured asymptomatic populations aged over 50 years, 15 this ACLR cohort demonstrates a much higher prevalence (80%) than age-matched patients (6%-40%). 29, 30 The observed rate (5% per annum) of meniscal lesion worsening is higher in these young adults than previous reports in noninjured older patients (1%-3% per annum) at risk of OA (age .50 years and BMI .25 kg/m 2 ). 45, 46 While surgical delay .3 months and anteroposterior knee laxity (.3-mm between-limb difference) were associated with 3 to 6 times greater odds of worsening meniscal lesions (Table  3) , the clinical significance of MRI-detected meniscal lesions is uncertain.
The evaluation of baseline demographic and surgical factors revealed that being overweight (BMI .25 kg/m 2 ) was a particularly strong determinant of deteriorating knee joint status. An elevated BMI was associated with 2-to 5-fold greater odds of most OA features, irrespective of the knee compartment. This is consistent with the effect of BMI on radiographic changes. 7 The longer follow-up compared with previous studies evaluating BMI in relation to MRI structural changes after ACLR may have allowed more time for BMI, in combination with probable changes in physical function and activity participation, to have an effect on joint structure. Young adults are at risk of having an increased BMI 3 to 10 years after an acute knee injury. 58 Our results support this, with a significant increase in BMI from 1 (25.7 kg/m 2 ) to 5 years (26.3 kg/m 2 ) (P \ .05). These results reinforce and strengthen the need for early OA secondary prevention interventions to address weight control through education about diet and physical activity. Each pound of lost weight leads to a 4-fold reduction in knee joint loading upon every step. 34 Older age was a risk factor for worsening patellofemoral cartilage damage, reflecting degenerative changes being more prevalent in older adults. 7 However, the changes that we observed were not explained entirely by age, which is evident from the higher rates of radiographic degeneration in the index knee (3.5% per annum) compared with the contralateral knee (0.25% per annum). This is supported by greater worsening of MRI-detected OA features in the current study than the normal age-related changes published previously. [14] [15] [16] 23, 37, 38 Considering the high rate of new and progressive lesions after ACLR, future studies should explore other factors (ie, strength, function, alignment, and participation), which may be related to worsening of early OA features, especially given the modifiable nature of many of these factors.
A limitation of this prospective study was the loss of 33 baseline participants, resulting in a follow-up rate of 70%. Dropout was mostly caused by an inability to contact participants and relocation, reflecting a particularly young mobile population in Australia. Medial meniscal lesions were more prevalent at 1 year in those who participated in follow-up compared with those who did not. While this may have introduced some selection bias and influenced the prognosis of the current sample, there were no differences in any other baseline participant or surgical characteristics between those who did and did not attend the follow-up assessment. In addition, the current cohort appears generalizable to other large ACLR cohorts, with similar International Knee Documention Committee scores 9 and return-to-sport rates 5 at comparable follow-ups. Second, baseline and follow-up MRI scans were read paired and unblinded to the time point. While this approach could cause the overestimation of worsening, paired reading overcomes the limitations of the inherently crude grading system of the MOAKS. 45 Future research should, however, examine the clinical implications (ie, association with symptoms) of posttraumatic MRI-detected OA features. Third, the limited number of patients with worsening of some OA features influenced the statistical stability of the regression models. Although we included worsening of all subregions and accounted for their correlation within knees with GEEs to increase statistical power, 95% CIs were relatively wide for some OA features. These need to be interpreted with caution.
Finally, we included patients with reinjuries and combined injuries to represent a typical ACLR cohort. While we acknowledge that MRI-detected OA features may have been pre-existing, a sensitivity analysis (excluding those with radiographic OA at 1 year) revealed similar rates of worsening of all MRI-detected OA features (except tibiofemoral osteophytes). Although combined injuries are associated with an increased risk of radiographic OA 10 to 15 years after an ACL injury, 41, 53 meniscectomy or a cartilage defect at the time of surgery did not significantly increase the risk of worsening of individual MRI-detected OA features between 1 and 5 years after ACLR. It is possible that the effect of pre-existing meniscal lesions on the joint structure may take many years to eventuate or that many more patients who have undergone ACLR would be needed to demonstrate an effect. A sensitivity analysis revealed that any MRI-detected OA feature worsening was significantly greater in those with a combined injury. These results highlight that combined injuries play a role in the worsening of MRI-detected OA features; however, our regression analysis, adjusting for other demographic factors (ie, BMI), highlights the multifactorial nature of posttraumatic early OA after ACLR. Regardless, the rate of MRI-detected OA feature worsening that we observed (ie, estimated per annum; cartilage defect, 13%; meniscal lesion, 6%; BML, 7.5%) is higher than those observed in knees of older patients with or at risk of OA (ie, estimated per annum; cartilage defect, 2%-8%; meniscal lesion, 1%-3%; BML, 3%-8%), 14, 16, 23, 37, 45, 48 highlighting that the ACL injury or ACLR is likely driving the considerable degeneration in these otherwise healthy young adults.
Our findings demonstrate that young adults after ACLR are at risk of worsening early MRI-detected OA features. This is important, as it is likely that worsening cartilage defects, BMLs, and meniscal lesions in young patients are not benign and may be associated with future knee OA, symptoms, or functional decline. 28, 46, 57 Importantly, these findings are contrary to persistent beliefs among patients that ACLR will prevent OA. 6, 18 Considering the rapid progression of posttraumatic OA, patients should be provided with information and educated about early OA secondary prevention interventions, in particular, the potential reversibility or prevention of deterioration in structural abnormalities, symptoms, and function. 40, 56 Education should refer to the consequences of increased BMI, such as the increased risk of early degenerative changes that may lead to future established joint disease and symptoms. 28, 46 In conclusion, we observed high rates of OA-related degenerative changes on MRI in young adults between 1 and 5 years after ACLR, with two-thirds demonstrating some joint deterioration. Patellofemoral cartilage appears to be at a particularly high risk of early accelerated degeneration, especially in older and overweight patients. The concerning joint deterioration within the first 5 years after ACLR may help to identify those at greatest risk of more severe (radiographic) OA in whom secondary prevention strategies may need to be targeted.
